Memory complaint is one of the earliest symptoms of dementia. The causes and prognosis of memory complaint in the middle-aged population remain largely unknown. We reviewed the register-based data of 2129 patients with memory complaints. Among them, 404 participants were between 40 and 65 years old. The participants were separated into three groups: subjective cognitive decline (SCD), neurodegenerative diseases (ND), and non-neurodegenerative diseases (NND). One-year decline was defined as a decrease of ≥1 on the mini-mental state examination (MMSE). At baseline, 131 participants (32%) were diagnosed with SCD, 141 (35%) with ND, and 132 (33%) with NND. The 1-year cognitive decline rate was higher among patients with ND (36.8%) than in the SCD (7.3%, p = 1.3 × 10 −8 ) and NND groups (7.6%, p = 1.1 × 10 −7 ). One-year decline did not differ between the SCD and NND groups. Lower baseline MMSE score predicted increased risk of 1-year cognitive decline (odds ratio (OR) = 1.126, 95% confidence interval (CI) = 1.076-1.178, p = 2.52 × 10 −7 ). Memory complaint in middle age carried a risk of 1-year cognitive decline, and baseline MMSE is an independent predictor of decline. An initial diagnosis of SCD held the same risk effect for decline as NND. These findings highlighted the necessity for neuropsychological tests in those with memory complaints presenting to the clinic.
Introduction
Memory complaint is one of the earliest symptoms of Alzheimer's disease (AD) [1] [2] [3] . In different community-based studies, the prevalence of memory complaint has ranged from 25% to 50%, depending on sample selection and diagnosis tools [4, 5] . The prevalence of memory complaint is higher among individuals with more advanced age, as well as among those with fewer education years [4] . In studies carried out in the memory clinic, the prevalence of memory complaint has ranged from 38% to 46% [6, 7] . In community studies, 82% of participants with memory complaint showed no deficits in an objective neuropsychological test [3] , while in a hospital-based study, only 46.23% showed no deficits [7] , suggesting that seeking medical help is a predictor of cognitive impairment. Memory complaint is also associated with depression and anxiety [8, 9] . To improve early diagnosis and provide opportunities for early intervention, researchers must clarify whether memory complaint is associated with dementia risk.
Subjective cognitive decline (SCD) is defined as self-perception of decline in cognitive performance without deficits in objective neuropsychological tests [2, 10] . Clinicians often overlook SCD merely as the result of psychiatric disease, such as depression and anxiety [11] , or as an age-related phenomenon [4] .
However, several studies have reported that patients with SCD have a higher progression rate to dementia or mild cognitive impairment (MCI), with a 1.5-to 3-fold higher risk than healthy controls [3, [12] [13] [14] [15] [16] . Specifically, in one study, the annual progression rate of SCD to dementia was 2.33%, while that of MCI has been reported to be 5-16% [1, 17] . In addition, SCD has been associated with more abnormal findings under magnetic resonance imaging (MRI), including smaller left hippocampus volume [18] and decreased gray matter density over the bilateral medial temporal, frontotemporal, and other neocortical regions [19] . High white matter lesion has also been associated with more cognitive complaints from patients in the SCD group [20, 21] , and a functional MRI study showed lower functional connectivity in patients with SCD than in healthy controls [22] . A study of cerebrospinal fluid revealed that patients in the SCD group had lower amyloid β and higher tau levels than healthy controls [16, 23] . Therefore, SCD should be regarded as a surrogate for neurodegenerative disease [7] .
However, although elderly patients with both SCD and consistent memory complaint showed a higher incidence of dementia [24, 25] , only a few SCD studies have focused on patients younger than 65 years old [5, 26] . These showed that the SCD prevalence in such patients was 12%, and that SCD was usually associated with psychiatric distress [26] . Young-onset dementia (YOD), defined as dementia with an onset age lower than 65 years, is a significant problem for both patients and society [27] . In one study, the prevalence of YOD was 98.1 per 100,000 individuals between the ages of 45 and 65 years, and it increased with advanced age (33.0 per 100,000 in those aged 45 to 49 years and 166.3 per 100,000 in those aged 60 to 65 years) [28] . In another study, YOD had a broad variety of etiologies, including reversible causes as well as neurodegenerative disease [29] . For instance, traumatic brain injury and substance abuse, like alcoholism, should be causes for concern [30] . Although AD is the most common neurodegenerative disease, accounting for 34% of patients in one study, frontotemporal lobe degeneration (FTLD) accounted for 12% and was more prevalent in patients with YOD than in the elderly [27, 28] . In addition, functional impairment was less severe in patients with YOD [30] , and the clinical presentation of AD differed between patients with young and old onset. Specifically, psychiatric symptoms in the early stages and faster cognitive decline were noted in patients with young-onset AD [31] . Another investigation involving a 4-year follow-up found that patients with a mean age younger than 65 years have an SCD progression rate to dementia of 2% in that time [7] . It is worth mentioning that the care burden of patients with YOD is higher than that of elderly patients with similar disease severity [32, 33] .
To date, the predictors of progression and features for clinical diagnosis of SCD in young patients are largely unknown. The present study utilized the registration data of the dementia center of Chang Gung Memory Hospital to review middle-aged patients who sought help for memory complaint.
Materials and Methods

Study Design and Selection of Participants
This register-based, longitudinal study utilized the dataset of the Dementia Center of Chang Gung Memory Hospital gathered between 2012 and 2015. We selected the patients whose chief complaint was memory impairment (n = 2129) and excluded those aged over 65 years or under 40 years [34] . This yielded a cohort of 404 patients ( Figure 1 ). Among these, 339 patients had clinical follow-up over 1 year. In the 99 patients with observed objective clinical decline, neuropsychological tests were performed again after 6 to 18 months. The Institutional Review Board/Ethics Committee (IRB/EC) protocol was approved by the medical ethics committee of Chang Gung Memory Hospital and the ethical approval code was IRB 201900317B0. Given the register-based study, no informed consent was provided in this study. Progressive functional impairment was clarified through detailed history taking and confirmed using neuropsychological tests. Experienced neurologists or psychiatrists made a diagnosis based on individual clinical criteria. Dementia and its classification were diagnosed by the consensus of two neurologists.
Diagnosis Criteria
SCD was diagnosed according to the Subjective Cognitive Decline Initiative's symptomatic definition of pre-MCI SCD [2] , which has two main components: (1) compared to their previously normal state, the patient has self-experienced persistent decline in cognitive capacity unrelated to an acute event, and (2) the patient shows normal performance after adjustment for age, gender, and education. In addition, patients were excluded if they had dementia or memory decline caused by medication, medical disease, or psychiatric disease such as depression or anxiety disorder. MCI was diagnosed using Petersen's criteria [35] . Mood disorders comprised major depression disorder and general anxiety disorder, diagnosed according to The Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria. Dementia was diagnosed according to the criteria for dementia in the DSM-IV-TR. Probable AD was diagnosed according to the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria [34, 36] . Parkinson's disease dementia (PDD) was diagnosed according to the consensus criteria of the 2007 version of Clinical Diagnosis of Parkinson's Disease Dementia, which includes diagnosis of idiopathic Parkinson's disease and insidious dementia syndrome [37] . Vascular dementia (VaD) was diagnosed using the International Workshop of the National Institute of Neurological Disorders and Stroke (NINDS) and the Association Internationale pour la Recherche et l'Enseignement en Neurosciences (AIREN) criteria, in which the onset of dementia must occur within 3 months of a cerebrovascular event and patients must show rapid or stepwise cognitive deterioration [38] . FTLD was diagnosed using the criteria reported by Neary et al. [39] . Patients presented with symptoms of gradual-onset dysfunction, with inappropriate behavior, personality change, or difficulty with linguistic expression, naming, or word meaning.
One-Year Cognitive Decline
The 1-year cognitive decline was defined when a participant had both objective clinical decline and a reduction of at least one point in the mini mental-state examination (MMSE) within 1 year [40, 41] . The middle-aged patients with memory complaint were grouped on the basis of the following baseline characteristics: SCD, neurodegenerative diseases, and non-neurodegenerative diseases. Neurodegenerative diseases were defined as MCI, AD, PDD, and FTLD, while non-neurodegenerative diseases included vascular dementia, dementia caused by structural lesions, and mood disorder (major depression disorder and general anxiety disorder).
Statistical Analyses
Comparisons between groups were conducted using the chi-square test, Fisher's exact test, and the Student's t-test where appropriate. ANOVA and post hoc analyses were performed where appropriate. All tests were 2-sided. Logistic regression was performed to identify predictors of 1-year cognitive decline, adjusted for age, sex, education, hypertension, and diabetes mellitus (DM). Statistical significance was defined as a p < 0.05. All analyses were performed using IBM SPSS, version 23.0 (IBM Corp, Armonk, NY, USA).
Results
Among the 404 patients, with an average age of 58.8 ± 6.0 years at the time of first visit, 32% had SCD, 20% had AD, 11% had MCI, 1% had PDD, and 3% had FTLD (Table 1) . Patients with non-neurodegenerative disease included those with vascular dementia (6%), mood disorder (21%), and structural lesions (6%) such as alcoholic encephalopathy, normal pressure hydrocephalus, dementia due to herpes simplex virus-related encephalitis, hepatic encephalopathy, and traumatic brain injury.
The patients were diagnosed and classified into three groups: SCD (n = 131), neurodegenerative diseases (n = 141), and non-neurodegenerative diseases (n = 132) ( Table 2 ). In all three groups, there were fewer men than women. Age, hypertension, DM, and education differed significantly between groups. Patients with neurodegenerative diseases were older than patients with SCD or non-neurodegenerative disease. Education was higher in patients with SCD than in patients with neurodegenerative diseases or non-neurodegenerative diseases. Meanwhile, patients with SCD had less hypertension than patients with non-neurodegenerative diseases. Patients with SCD had a lower prevalence of DM than patients with neurodegenerative diseases. Patients with neurodegenerative diseases had a higher 1-year cognitive decline rate than patients with SCD or non-neurodegenerative diseases. Patients with SCD had the highest total MMSE score, as well as the highest scores in the following MMSE subtypes: orientation, attention calculation, recall, 6-item learning, and 6-item recall, while patients with neurodegenerative diseases had the lowest score ( Table 2 ). Patients with SCD had significantly higher scores than those with neurodegenerative disease in terms of total MMSE (27.9 ± 2.9), orientation, (9.7 ± 0.9), registration (3.0 ± 0.2), attention calculation (4.4 ± 1.0), recall (2.2 ± 0.9), 6-item learning (28.4 ± 2.1), 6-item recall, (5.8 ± 0.5), global clinical dementia rating (5.8 ± 0.5), informant questionnaire on cognitive decline in the elderly (3.8 ± 0.5), and cognitive abilities screening instrument (96.1 ± 8.1) ( Table 2 ). In brief, patients with SCD had significantly higher scores than those with non-neurodegenerative diseases in all tests except registration ( Table 2 ). In 1-year follow-up, the average MMSE score had decreased by 2 points in SCD patients with cognitive decline, while increasing 2 points in SCD without decline (p = 3 × 10 −4 ). In neurodegenerative diseases, the post hoc analyses comparing AD and MCI showed significant differences in MMSE (p = 0.001), orientation (p = 2 × 10 −5 ), language (p = 0.001), global CDR (p = 1.4 × 10 −5 ), sum of box (p = 9.3 × 10 −5 ), IQ CODE (p = 0.004), and education year (p = 0.01). We did not compare PDD and FTD due to the limitation of small patient number. For non-neurodegenerative disease, mood disorder had a significantly higher score than structure lesion and VaD in MMSE (p = 1 × 10 −10 ), orientation (p = 5 × 10 −16 ), registration (p = 2 × 10 −7 ), attention (p = 3 × 10 −5 ), recall (p = 0.01), language (p = 1 × 10 −9 ), global CDR (p = 2 × 10 −4 ) and sum of box (p = 5 × 10 −15 ).
In the 339 patients with clinical follow-up, 1-year cognitive decline was predicted using the baseline neuropsychological test scores after adjustment for age, sex, education, hypertension, and DM (Table 3) . Specifically, the lower baseline MMSE score predicted increased risk of 1-year cognitive decline (odds ratio (OR) = 1.126, 95% confidence interval (CI) = 1.076-1.178, p = 2.52 × 10 −7 ). The top three strongest predictors were baseline MMSE, orientation (OR = 1.366, 95% CI = 1.225-1.522, p = 1.82 × 10 −8 ), and recall (OR = 2.208, 95% CI = 1.658-2.941, p = 5.93× 10 −8 ). The patients' baseline age, sex, education, hypertension, and DM were not associated with 1-year cognitive decline. 
Discussion
The present study demonstrated a 1-year decline of 7.3% in young patients with SCD, compared with 36.8% in young patients with neurodegenerative disease and 7.6% in those with non-neurodegenerative disease. To our knowledge, this was the first study to focus on longitudinal change in middle-aged patients with memory complaint and to illustrate both etiology and 1-year cognitive decline rate. The 1-year decline rate was significantly higher in patients with neurodegenerative diseases than in the SCD and non-neurodegenerative groups. There was no significant difference in 1-year decline between the SCD and non-neurodegenerative groups. One-year cognitive decline was predicted using the baseline score of neuropsychological tests after adjustment for confounding factors. In this regard, we emphasize the importance of neuropsychological tests for prognosis and prediction in middle-aged patients with memory complaint.
The present results indicate that AD is the most common causes of YOD [42] [43] [44] (Table 4) , while prior reports have demonstrated that AD, VaD, and FTLD are the most common YOD subtypes [27] . According to a 2003 community study by Harvey et al. [28] , the highest proportion of patients with YOD in London comprised those with AD (43%), followed by those with VaD (18%) and FTLD (12%). By contrast, data from a community-based study in Japan in 2006 revealed that VaD (42.5%), followed by AD (25.6%), was the most frequent cause of YOD [45] , whereas a memory clinic-based study carried out in Japan between 1997 and 2005 suggested that AD was the most frequent cause of YOD (38.5%), followed by FTLD (21.4%) and VaD (12.6%) [46] . The incidence of VaD has varied across studies and may be strongly impacted by vascular risk factors and socioeconomic status across different regions [47] . The present study suggested that VaD is the second leading cause of YOD, which supports the previous finding [42] . The demographic distribution of middle-aged patients with memory complaint helps clinicians identify abnormal proportions and possible differential diagnosis. Although prevalence of YOD varied in different studies, AD showed the highest proportion in YOD. Abbreviations: AD = Alzheimer's disease, VaD = vascular dementia, FTLD = frontotemporal lobe degeneration.
The present register-based study also showed 1-year cognitive decline rate of 37.5% in patients with AD and of 54.5% in those with FTLD, corroborating the previous finding that annual decline rate is greater and baseline MMSE lower in young-onset AD than in FTLD [54] . In the SCD group of the present study, the 1-year cognitive decline rate was as high as 7.3%, suggesting that patients with memory complaint undergo clinical deterioration, even in middle age. The present study classified VaD as a non-neurodegenerative disease, and patients with VaD showed no cognitive decline in the follow-up visit, corroborating a prior finding [41] . In contrast, the majority of decline due to structural lesion occurred in patients with traumatic brain injury.
Aging and lower MMSE have been reported to be predictors for progression from SCD to dementia [55] . However, in young patients, we showed that low baseline MMSE, but not age, was a predictor of 1-year decline. Long-term verbal memory was shown to predict progression from SCD to AD in a hospital-based study [56] . Although the MMSE may suffer a ceiling effect in patients with YOD [57] , it is still the most prevalent test in regular practice. The present study provided evidence that the MMSE can be used to predict 1-year decline in middle-aged patients in clinical practice.
To our knowledge, this is the first longitudinal study reviewing the outcomes of middle-age patients with memory complaint. We revealed their baseline characteristics, neuropsychological tests, and heterogenous etiologies. We showed the prognosis and predictors for 1-year cognitive decline and highlight the clinical importance of memory complaint in middle-aged patients. In spite of the above strengths of the study, our study has several limitations. Firstly, as a registration study, not all of the patients had clinical follow-up. Secondly, neuropsychological tests were performed only when objective decline was observed by clinicians, which may lead to underestimation of the 1-year cognitive decline rate. The follow-up rate varied in different disease groups. Finally, this registration did not include comprehensive information, such as family history.
Conclusions
In conclusion, memory complaint in middle-aged patients had a number of causes in the present study, and it was associated with a risk of further cognitive decline. Baseline MMSE was an independent predictor of 1-year cognitive decline, and SCD carried the same risk of decline as non-neurodegenerative diseases. These findings highlighted the necessity of neuropsychological tests in those with memory complaint who present to the clinic. 
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